The purpose of the study was to determine the mechanical variables that are related to successful post-flight somersaulting performance of the Roche vault. The 23 Roche vaults performed during the 2000 Olympic Games were filmed by a 16-mm camera operating at 100 Hz. The 2-D direct linear transformation technique was used for spatial calibration. Approximately 60 frames were digitized per vault. The method of Hay and Reid (1988) was used to develop a deterministic model to identify the mechanical variables that govern linear and angular motions of the vault. Correlational analysis was used to establish the strength of the relationship between the mechanical variables identified and the judges' scores. Significant correlations indicated that the higher judges' scores were negatively related to five mechanical variables and positively related to seventeen variables in the model. The normalized horizontal displacement of body center of mass (CM) from the knee grasp to the peak of post-flight was the best single predictor of the judges' score and accounted for 50% of variation in the judges' score. Finally, the landing point deductions and the official horizontal distance of post-flight collectively accounted for 86% of the variance in the judges' scores.
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The Roche (the handspring with 2½ tucked forward somersaults)-one of the most advanced variations of the handspring-family vaults-poses high risks to the gymnast owing to the "blind" nature of the landing. A combination of rapid somersaulting rotation and the knees blocking the view of the gymnast (Figure 1 ) does not allow "visual spotting" of the landing area on the mat. The gymnast must control the body rotation blindly, based on his or her own spatial perception, which is not an easy task when having to complete 2½ somersaults in a period of approximately 1 s and simultaneously preparing for the landing. In fact, of the 48 Roche vaults performed at the 2000 Olympic Games, only 4 displayed error-free landings and more than a dozen suffered major landing point deductions. Takei and colleagues (2003) reported that the 16 highest-scoring Roche vaults, compared with the 16 lowest scoring, performed at the 2000 Olympic Games had greater normalized moment of inertia at horse take-off, greater height and larger horizontal distance of post-flight, and higher body CM at knee release and mat touchdown. However, the time and somersaulting rotation of post-flight were similar between the groups. Large amplitude (great height, large horizontal distance, and long time) of
ORIGINAL RESEARCH
Takei post-flight is considered an important prerequisite to ensure success, as it provides the height and time necessary to perform the required somersaults and receive maximum performance points. Once the large amplitude of post-flight has been developed, the somersaulting technique adds to successful display of "form" and control for the body rotation and landing. Poor somersaulting technique could result in form-break, under-rotation or over-rotation of the body, and subsequent loss of control and poor landing. Therefore, somersaulting technique is important in achieving successful body rotations and controlled landing for the final impression on the judges and maximum performance. As important as it is, there has been no study on the analysis of somersaulting techniques. Takei et al. (2003) , after finding no differences in the angular momentum, angular distance, moment of inertia, and time of post-flight between the highand low-scoring Roche vaults, suggested the need for an in-depth analysis of somersaulting techniques in performing the vault. The present investigation was designed to identify the mechanical variables (through development of a theoretical model and subsequent correlational analysis) that are crucial in achieving successful performance of the 2½ somersaults and landing of the vault. It was hypothesized that some of the mechanical variables identified in the model would be significantly correlated with high scores awarded by the judges.
Methods
Twenty-three Roche vaults performed by 23 gymnasts from 12 countries during the 2000 Olympic Games were filmed using a Locam II DC 16-mm camera operating at 100 Hz. Four survey range poles positioned vertically in the primary motion plane of 
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The on-horse phase (hand contact on horse in semiinverted body position to departure from the horse in an inverted position) and post-flight or second flight phase (2½ forward somersaults in a tucked position and landing on the mat in a standing position) of the Roche vault. The post-flight consists of four subphases: (1) horse take-off to knee grasp, (2) knee grasp to peak, (3) peak to knee release, and (4) knee release to mat touchdown. The knee contact phase was defined as the sum of the subphases (2) and (3) in which the gymnast's hand(s) remain in contact with the knee(s). The vaults shown here illustrate differences in the trajectory of the gymnasts' CM and the body positions at critical instants of the Roche vaults performed at the 2000 Olympic Games. Although the horse has since been replaced by the vault table, the differences in equipment are minimal. The takeoff board, the height, surface material, and the lengthwise placement of the apparatus, and the landing mat are the same. Therefore, the on-horse  and the somersaulting techniques  currently under investigation are  directly transferable to the new  vault table. the gymnast were filmed prior to competition for spatial calibration. The error estimates of 2-D direct linear transformation (DLT) were 0.01 m along the horizontal axis and 0.009 m along the vertical axis. Other details of filming and 2-D DLT procedures are as described by Takei et al. (2003) .
A theoretical model was developed, as a precursor to the analysis, for the purpose of identifying the mechanical variables that were related to successful post-flight somersaulting techniques of the Roche vault. The somersaulting technique includes the control of position of the various body parts and the manner in which they move/rotate from one location to another during the post-flight. Films revealed that the gymnasts grasped the knees immediately after the horse take-off and moved into a tucked position, remained tucked and then released the knees prior to mat touchdown, and landed on the mat. The frames depicting the instants of horse take-off, knee grasp, peak of flight, knee release, and mat touchdown were identified. From these critical instants, four subphases of post-flight were defined ( Figure  1 ) for the analysis of somersaulting technique. The researcher developed a deterministic model, according to the method of Hay and Reid (1988) , for initially identifying the mechanical variables of the somersaulting techniques and subsequently to help guide the analysis in a systematic manner (Figures 2, 3 , and 4).
For each vault analyzed, approximately 60 frames of film were digitized. These included every frame from approximately ten frames prior to Note. The dotted lines connecting the variables denote an "indirect cause-effect" relationship between them. The thicker lines linking variables indicate significant relationship of these variables with the judges' score. Correlation coefficients in bold at the top of each box enclosing the quantifiable variable in the third through fifth levels indicate its relationship with the judges' score, rather than with the variable linked immediately above. For example, the horizontal distance of post-flight (third level) accounted for 24% (r = 0.49, r 2 = 0.24) of the variance in the judges' scores. On the other hand, correlation coefficients in parentheses indicate the relationship between the two variables linked together. For example, of the four variables (fourth level) that collectively determine the horizontal distance of post-flight (third level), the horizontal distance from knee grasp to peak of flight (r = 0.67, r 2 = 0.45) accounted for greater variance (in the horizontal distance of post-flight) than those from the horse take-off to knee grasp (r = 0.56, r 2 = 0.31), from the peak of flight to knee release (r = 0.64, r 2 = 0.41), and from the knee release to landing (r = 0.56, r 2 = 0.31). touchdown on the horse to four frames after takeoff from the horse, then every fourth frame (plus consecutive frames about and including the critical instants) until touchdown on the mat, and finally four additional consecutive frames. The horizontal and vertical coordinates of 21 points, defining a 14-segment model of the human body described by Clauser et al. (1969) , were recorded for each frame analyzed. Subsequently, the quintic spline smoothing procedure (Woltring, 1986) was applied. The instants of touchdown and take-off were estimated to the nearest tenth of a frame using the foot or hand position as a reference. The other instants of touchdown and take-off were estimated similarly. Critical frames were generated for these estimated instants using a process based on Newton's divided distance formula (Wylie, 1966) after the smoothing process. The angular momentum of post-flight was the arithmetic mean of approximately 45 angular momentums from all the frames analyzed for the post-flight. The error estimate (mean ± SD) of the normalized angular momentum was 0.036 ± 0.0048 s −1 . Initially, the means and standard deviations of all quantifiable variables identified in the model were computed. Skewness of the distribution of data was computed for each variable to determine whether parametric or nonparametric statistics should be used for the analyses. Subsequently, Spearman correlation coefficients (for the nonpara- metric nature of the present data) were computed between (a) each quantifiable variable in the third level of the model and the judges' score, and (b) the judges' score and the variables in the next lower level that were linked to the "significantly correlated variable" immediately above to advance the analysis to progressively lower levels (fourth and fifth) of the model. Although it is a deviation from the original analysis protocol employed by Hay and coworkers (1986) , all variables in the lower levels of the model were inspected in order to address the concern that important factors could be overlooked if a higherlevel variable did not correlate significantly with the judges' score. Takei and colleagues (1992) , Takei (1992) , and Takei and Kim (1990) found isolated effects of this type and identified important mechanical variables in the lower levels of their models when, in fact, the upper-level variables failed to show significance. For the intended purposes of the present study, deviation from Hay and Reid's original method was also necessary.
An examination of the lower-level tests, even if some higher-level tests do not show significance, indicates that one is not committed to a firm decision tree based on significance tests. The main concern is whether the sheer number of significance tests creates problems by having a number of tests show significance merely by chance, that is, Type I errors. However, there is also a problem with Type II errors (that is, overlooking actual effects) because they did not happen to show a significant relationship. The main disadvantage of significance testing as a strategy is the asymmetric handling of errors, with Type II errors almost entirely ignored in many Numerical and graphic displays of correlation coefficients are as described in the legend to Figure 2 . Note. Correlation coefficient in bold at the top of each box enclosing the quantifiable variable in the third through fifth levels indicates its relationship with the judges' score, rather than with the variable linked immediately above. For example, the angular distance from knee release to landing (fourth level) accounted for 29% (r = 0.54, r 2 = 0.29) of the variance in the judges' scores. On the other hand, correlation coefficients in parentheses indicate the relationship between the two variables linked together. For example, of the three variables (fifth level) that collectively determine the angular distance from the knee release to landing (fourth level), the time of flight from knee release to landing (r = 0.95, r 2 = 0.90) accounted for greater variance (in the angular distance from the knee release to landing) than did the angular momentum of post-flight (r = −0.01, r 2 < 0.01) and the average normalized somersaulting moment of inertia from the knee release to landing (r = 0.42, r 2 = 0.18). cases. Inclusion of apparently significant lowerlevel tests may help reduce the Type II error rate substantially, although an increase in the number of Type I errors would result. In the present study, however, this tradeoff was considered acceptable and the inspection of the variables in the lower levels of the model was justified to make certain that truly important variables not be ignored simply because the upper-level variables did not happen to show significance. As was done by Hay and Reid (1988) , and Takei (1998) , correlational analysis was chosen to establish the strength of the relationship between the known causal mechanical variables identified in the model and the judges' score (rather than the relationship with the variable linked immediately above). Finally, a curve estimation procedure was applied to the significant variables and other variables of interest in the development of prediction equations that would identify the important aspects of the vault that contribute to the judges' score.
A value of p < 0.065 (r = .33) was chosen for practical purposes to indicate statistical significance. As seen in Figures 2, 3 , and 4, there are approximately 30 mechanical variables that govern the final outcome of post-flight performance. Therefore, any variable that can account for 10% or more of the variance in the judges' scores is important to coaches. It was the author's belief that setting the alpha at this level would identify the causal mechanical variables that are useful to coaches and simultaneously help control the potential increase in the Type I error rate as a result of performing multiple tests to inspect the lower-level variables in the model. The coefficient of determination (r 2 ) was obtained to evaluate the relative importance of the variables found to be significantly correlated with the judges' scores.
Results
The horizontal distance of post-flight, identified in the third level of the model (Figure 2) , was significantly correlated with the judges' score (Table 1) . Since the differences in the gymnast's physique may have been a confounding factor in the analysis of the horizontal distance of post-flight, partial correlation was computed with the effect of the subject's standing height removed. The result (r = 0.45) was similar to the zero-order correlation, which suggests that the greater the horizontal displacement of body CM, the higher the judges' score.
Four variables that determine the horizontal distance of post-flight were identified in the fourth level of the model (Figure 2 ). Of these, the horizontal distances from the knee grasp to peak of flight, and knee release to landing were positively correlated with the judges' score (Table 1) . Partial correlations by subject's height (r = 0.69 for the former and r = 0.56 for the latter variables) were similar to the zero-order correlations. Therefore, these correlations indicated that the higher the judges' score, the larger the horizontal displacements of CM from the knee grasp to the peak of flight and from the knee release to mat touchdown. Horizontal distance from the knee grasp to peak (r 2 = 0.48) accounted for more variance in the judges' score than that from the knee release to landing (r 2 = 0.36). Five variables that determine the above four horizontal distances were identified in the fifth level of the model (Figure 2 ). Of these, the times from horse take-off to knee grasp and from peak of flight to knee release were negatively correlated with the judges' score (Table 1 ). These correlations meant that the higher the judges' score, the shorter the time from the horse take-off to the knee grasp and from the peak of flight to the knee release. Furthermore, the horizontal velocity at horse take-off and the times from the knee grasp to peak of flight and from knee release to mat touchdown were positively correlated with the judges' score (Table 1) . These correlations indicated that the higher the judges' score, the greater the horizontal velocity at horse take-off, and the longer the times from the knee grasp to the peak and from the knee release to mat touchdown. Times from knee grasp to peak of post-flight (r 2 = 0.36), from the peak to knee release (r 2 = 0.31), and from the knee release to mat touchdown (r 2 = 0.31) accounted for greater variances in the judges' scores than the time from horse take-off to the knee grasp (r 2 = 0.22) and the horizontal velocity at horse take-off (r 2 = 0.19). The vertical distance of post-flight (the height of CM at horse take-off relative to its height at mat touchdown [Hay & Reid, 1988 ]) identified in the third level of the model (Figure 3 ) was positively correlated with the judges' score. A partial correlation by subject's height (r = 0.52) was similar to the zero-order correlation. Therefore, the result indi-cated that the higher the judges' score, the smaller the downward vertical displacement of body CM from horse take-off to mat touchdown.
Four variables that determine the vertical distance of post-flight were identified in the fourth level of the model (Figure 3 ). Of these, the vertical distances from knee grasp to peak of flight, from the peak to knee release, and from the knee release to landing were significantly correlated with the judges' score (Table 1) . Partial correlations by subject's height (r = 0.50, r = 0.57, and r = −0.47 for the above three variables, respectively) were similar to the zero-order correlations. Therefore, the result indicated that the higher the judges' score, the greater the "rise" of body CM from the knee grasp to peak of flight, the smaller the "fall" of CM from the peak to the knee release, and the larger the "fall" of CM from the knee release to mat touchdown. The "fall" of CM from the peak to knee release (r 2 = 0.30) and from the knee release to landing (r 2 = 0.32) accounted for greater variances in the judges' scores than the "rise" of CM from knee grasp to peak of flight (r 2 = 0.25). Five variables that determine the above four vertical distances were identified in the fifth level of the model (Figure 3) . All but the height of CM at knee grasp were significantly correlated with the judges' score (Figure 3 Note. CM = center of mass. The height of CM at peak of post-flight was calculated using the vertical velocity at take-off from the horse. The heights of CM were measured from the floor. *P < 0.065; ** P < 0.01; ***P < 0.001. . Therefore, the results meant that the higher the judges' score, the greater the height of CM at horse take-off, knee grasp, peak of flight, knee release, and mat touchdown. Heights of CM at knee release (r 2 = 0.36) and mat touchdown (r 2 = 0.34) accounted for greater variance in the judges' scores than those at horse take-off (r 2 = 0.11), knee grasp (r 2 = 0.10), and peak of flight (r 2 = 0.18). The angular distance of post-flight, identified in the third level of the model (Figure 4) , was not significantly correlated with the judges' score. Given the homogeneous nature of the sample (that is, all subjects were able to complete the 2½ somersaults), it was difficult to relate this variable to the judges' score. As pointed out in the Methods section, all variables in the lower levels of the model were inspected to address the concern that important factors could be overlooked if a higher-level factor did not happen to show significance. Four variables that determine the angular distance of post-flight were identified in the fourth level of the model ( Figure   4 ). Of these, the angular distances from the horse take-off to knee grasp and from peak of flight to knee release revealed negative correlations with the judges' score (Table 2 ). These correlations meant that the higher the judges' score, the smaller the somersaulting rotation from the horse take-off to knee grasp and from the peak of flight to the knee release. Furthermore, the angular distances from knee grasp to peak of flight and from knee release to landing were positively correlated with the judges' score. These correlations indicated that the higher the judges' score, the greater the somersaulting rotation from the knee grasp to the peak of flight and from the knee release to mat touchdown. Angular distance from knee release to landing (r 2 = 0.29) accounted for greater variance in the judges' scores than those from horse take-off to knee grasp (r 2 = 0.14), from the knee grasp to peak of flight (r 2 = 0.21), and from the peak to knee release (r 2 = 0.19). Nine variables that determine the above four angular distances of the post-flight were identified in the fifth level of the model (Figure 4) . The angular momentum of post-flight was not significantly correlated with the judges' score. The times from horse take-off to knee grasp, knee grasp to peak of flight, peak to knee release, and knee release to Table Descriptive Statistics Note. The normalized value of moment of inertia was expressed by dividing the absolute value by the product of body mass and the squared height, and multiplying it by 100. *p < 0.065; ** p < 0.01; ***p < 0.001. mat touchdown have been discussed earlier and, therefore, will not be repeated here. The normalized average moment of inertia from knee release to mat touchdown (fifth level) was positively correlated with the judges' score (Table 2 ). This correlation indicated that the higher the judges' score, the more fully the body was extended during the knee release to mat touchdown. The landing point deductions, identified in the second level of the model (Figures 2, 3 , and 4) ranged from 0.00 to 0.60 with a mean of 0.28 point. A significant correlation coefficient (Table  2 ) was obtained for this variable with the judges' score. This correlation indicated that the smaller the landing point deductions, the higher the final score of the vault. It also meant that 85% of the variance in the judges' score (r 2 = 0.85) was accounted for by this variable alone.
Height of CM at critical instants (m)
For the 23 Roche vaults in the present study, the higher judges' scores were negatively related to (1) the angular distance and the time from horse take-off to knee grasp and from peak of post-flight to knee release; (2) the "fall" of body CM from knee release to mat touchdown; and (3) the landing point deductions. They were positively related to (4) the horizontal velocity at horse take-off, the vertical distance of post-flight, and the total horizontal distance of post-flight; (5) the horizontal distance, the angular distance, and the time from knee grasp to peak of post-flight and from knee release to mat touchdown; (6) the "rise" of CM from knee grasp to peak of post-flight and the "fall" of CM from the peak to knee release; (7) the heights of CM at horse take-off, knee grasp, peak of post-flight, knee release, and mat touchdown; and (8) the normalized average moment of inertia from knee release to mat touchdown.
Discussion
According to Hay and Reid (1988) , faults revealed during a later phase of a skill are likely to be caused by the performance of the earlier phases. The landing performance is largely influenced by what took place during each of the four subphases of the post-flight, which in turn is dependent upon the preceding onhorse performance. This, in turn, is governed by the pre-flight performance, which is dependent on what took place during the on-board phase. Therefore, the landing performance, or the landing point deduction is an effect of what took place during each of the successive phases leading up to mat touchdown (as illustrated in Figure 2 and noted in its caption for the "indirect cause-effect" relationships between the variables connected by the dotted lines), and reflects the overall quality of the vault.
The landing point deduction was correlated with (a) the time from horse take-off to knee grasp (r = 0.48) and the normalized height of CM at knee grasp (r = −0.40), and (b) the time (r = −0.58) and the horizontal displacement (r = −0.56) and vertical displacement (r = −0.56) from the knee grasp to peak of flight as well as the normalized maximum height of post-flight (r = −0.52). These correlations meant that the smaller the landing point deductions, (1) the shorter the time from the horse take-off to the knee grasp and the higher the body CM at the knee grasp and (2) the longer the time and the horizontal and vertical displacements of CM from the knee grasp to the peak of flight, and the higher the CM at the peak of flight. These results meant that quickly grasping the knees after horse take-off and pulling them toward the chest with the arms for rapid rotation during the early phase of the ascent to the peak is crucial in achieving successful completion of the required somersaults. Approximately 75% of the 2½ somersaults were completed during the knee contact phase (that is, from knee grasp to peak of flight to knee release) for all subjects. Therefore, if all else is equal, the sooner the gymnast moves into a tightly tucked position, the sooner the completion of the required somersaults and, thus, the greater the CM height at knee release and the control for the landing.
Landing point deduction was correlated with (a) the time (r = 0.45) and the vertical displacement of CM (r = −0.43) from the peak to knee release and normalized height of CM at knee release (r = −0.56) and (b) the time (r = −0.44), the horizontal (r = −0.45) and the vertical (r = 0.43) displacements of CM, and the angular distance (r = −0.41) from the knee release to mat touchdown. These correlations meant that the smaller the landing point deductions, (1) the shorter the time and the "fall" of CM from the peak of flight to knee release and the higher the body CM at knee release and (2) the longer the time, the larger the horizontal and vertical distances traveled by CM, and the greater the somersaulting rotation from the knee release to mat touchdown. Takei and colleagues (2003) stated that the knee release is important as it reflects the completion of the majority of the required salto forward (forward somersault) and enables display of form and body control in preparation for a stick landing. A stick landing is one in which, once the feet have made contact with the landing surface with the body in a balanced, upright position, there is no further movement of the feet, as if they were stuck to the landing surface.
Finally, the landing point deduction yielded significant correlation coefficients with the normalized height of body CM (r = −0.70) and the somersaulting moment of inertia (r = −0.62) at mat touchdown, as well as the judges' score (r = −0.92). These correlations meant that the higher the body CM and the more fully extended the body at mat touchdown, the smaller the landing point deductions and, ultimately, the higher the judges' score. Therefore, it is evident that each variable discussed above is affected by those that preceded in early subphases of post-flight and, in turn, affects those that follow in the progression of the subphases leading to mat touchdown.
The result of landing performance indicated that the smaller the landing point deductions, the higher the final score awarded by the judges. This result is in agreement with those reported previously for the handspring with full turn vault (n = 67) performed at the 1992 Olympic Games. The landing point deductions in this vault ranged from 0.00 to 0.70 point with a mean of 0.20 (Takei, 1998) . A significant negative correlation (r = −0.71) was found for this variable and judges' score. Furthermore, the 20 highest-scoring handspring with full turn vaults had significantly smaller landing point deductions than the 20 lowest-scoring vaults (Takei et al., 1996) . It was concluded that a small landing point deduction was an important determinant in achieving high, overall scores of the vault (Takei, 1998) .
Although the above finding appears rather obvious, vaulting performance consists of a single skill performed in less than 1.5 s from the board take-off to landing. Faults in landing are often caused by errors committed during the on-board, pre-flight, or on-horse phase, each of which is very brief in duration (less than 0.20 s). The combination of short duration and high velocities of linear and angular motions of the gymnast do not allow sufficient time to correct any mistakes once they are made. For example, if the gymnast misjudges the point of take-off for the hurdle step and lands on the far end of the board, it could cause slipping of the feet as the board is compressed downward. Alternatively, such foot placement results in a prolonged time of board contact, large loss of the horizontal velocity, and excessive body lean toward the horse, which in turn cause over-rotation of the body in subsequent pre-flight. This makes it impossible to contact the horse with an intended body angle for timely application of blocking and pushing off the horse in the desired direction. Consequently, the departure into the post-flight with large horizontal and vertical velocities at an appropriate body angle, and the angular momentum necessary to enable the required number of somersaults, becomes impossible. Therefore, an initial mistake in foot placement on the board is not only unrecoverable but compounds problems throughout the remainder of the vault. To prevent this type of error, the dayto-day variability of striding patterns and physical condition of the gymnast must be evaluated during the practice trials. Subsequently, the "start mark" for the approach and the marker for the point of departure for the hurdle step should be adjusted accordingly to ensure proper foot placement on the most "ideal" or the springiest part of the board (in general, two-thirds of the way from the near end) for maximum results.
Finally, linear and quadratic regression statistics were produced for each variable analyzed. The results indicated that the normalized horizontal displacement of body CM from the knee grasp to peak of post-flight (NHDCMKPK) was the best single predictor of the judges' score and accounted for 50% of variation in the judges' score. The equation is The author developed a multiple regression equation useful to coaches in predicting the judges' score by entering the additional variables that are typically used by the judges in evaluating the vault. Two variables, the landing point deductions (LDGPTDED) and the official horizontal distance of post-flight (OFFDPST, distance between the far end of the horse to the nearer of the two heels at mat touchdown), were identified in predicting the judges' score. These two predictor variables in the equation collectively account for 86% of variations in the judges' score. These variables are easily mea- In conclusion, the results of the present study supported the hypothesis. Therefore, the following are components necessary to "achieve a high score" on the Roche vault.
• Increasing the height of body CM and the horizontal velocity at horse take-off and reducing the time and somersaulting rotation from the horse take-off to knee grasp (by grasping the knees immediately following the horse departure).
• Increasing the time, the somersaulting rotation (by quickly pulling the knees close to the chest and flexing the neck into a tightly tucked position), the horizontal distance and "rise" of CM from the knee grasp to peak of post-flight; and displaying high body CM at the peak of flight.
• Reducing the time, somersaulting rotation, and "fall" of CM from the peak to knee release (by timing the instant of knee release at shortly past the peak of the CM trajectory); and increasing the height of the CM at knee release well above the top level of the horse.
• Increasing the time, the average somersaulting moment of inertia, the horizontal distance and "fall" of CM, and the somersaulting rotation from the knee release to landing for a display of "form"; and increasing the height of body CM at touchdown on the mat for maximum performance.
